Abstract-We investigate the transceiver design for interference two-way amplify-and-forward multiple-input multipleoutput relay communication systems. A novel algorithm with a closed-form solution is developed to optimize the relay precoding matrix based on its optimal structure and a modified transmission power constraint at the relay node. An iterative algorithm is proposed to minimize the sum mean-squared error of the signal waveform estimation. Simulation results demonstrate that the proposed algorithm achieves a better performance-complexity tradeoff compared with existing techniques.
I. INTRODUCTION
T WO-WAY multiple-input multiple-output (MIMO) relay communications have attracted much research interest recently [1] . Thanks to the technique of analog network coding [2] , two-way information exchange can be achieved in two time slots with half-duplex relay node(s). For single user twoway amplify-and-forward (AF) MIMO relay systems with a single relay node, the optimal source and relay matrices have been developed in [3] to maximize the achievable weighted sum rate. An iterative source and relay matrices design algorithm has been proposed in [4] by solving convex quadratically constrained quadratic program (QCQP) problems. A unified framework has been developed in [5] to optimize the source and relay matrices for a broad class of frequently used objective functions. The impact of mean-squared error (MSE) constraints on two-way MIMO relay systems has been studied in [6] . For a single-user two-way MIMO relay system with multiple parallel relay nodes, a gradient descent based transceiver design algorithm has been proposed in [7] .
Zero-forcing (ZF) and minimum MSE (MMSE) based transceiver design algorithms have been developed in [8] for interference two-way MIMO relay systems, where each user transmits a single data stream. An MMSE based iterative transceiver design algorithm has been proposed in [9] where each user may transmit multiple data streams. In [10] , a projection based separation of multiple operators (ProBaSeMo) relay transmit strategy has been developed which provides a significant gain in terms of the sum rate. In [11] , a general cellular two-way relay network has been investigated which includes many two-way relay networks as special cases.
In this letter, we investigate the transceiver design for interference two-way MIMO relay systems where multiple two-way links communicate simultaneously with the aid of a single relay node. Due to its attractive features [12] , [13] , the MMSE is chosen as the design criterion. We propose an iterative algorithm to optimize the source, relay, and receiver matrices to suppress the interference and minimize the sum MSE (SMSE) of the signal waveform estimation at the receivers, subjecting to transmission power constraints at the source and relay nodes.
The contributions of this letter compared with existing works such as [8] - [11] are: (1) We derive the optimal structure of the relay precoding matrix. (2) By modifying the power constraint at the relay node, we propose a novel relay precoding matrix optimization algorithm with a closed-form solution. (3) The proposed iterative transceiver design algorithm provides a better performance-complexity tradeoff which is very useful for practical interference two-way MIMO relay communication systems.
II. SYSTEM MODEL AND PROBLEM FORMULATION
We study an interference two-way MIMO relay communication system where K user pairs communicate simultaneously with the aid of a single relay node as shown in Fig. 1 . For simplicity, the direct links between user pairs are ignored as they undergo much larger path attenuation compared with the links via the relay node. The kth node at site 1 and site 2 is equipped with N k,1 and N k,2 antennas, respectively, and the number of antennas at the relay node is N r .
We assume that the relay node works in the practical halfduplex mode so the communication between the user pairs is completed in two time slots. In the first time slot, the kth node at site i = 1, 2, encodes the d × 1 information-carrying symbol vector s k,i with the N k,i × d source precoding matrix B k,i before transmitting the N k,i × 1 precoded signal vector
to the relay node. The received signal vector at the relay node is given by
where H k,i is the N r × N k,i up-link MIMO channel matrix between the kth node at site i and the relay node, n r is the H denotes matrix Hermitian transpose, E[·] stands for the statistical expectation, and I n denotes the n × n identity matrix.
In the second time slot, the relay node amplifies the received signal vector with the N r × N r precoding matrix F as
The precoded signal vector x r is broadcast back to the nodes at site i = 1, 2. The received signal vector at the kth node of site i is given by
where
between the relay node and the kth node at site i, n k,i is the N k,i × 1 AWGN vector at the kth node at site i with zero mean and covariance matrix
. Due to their simplicity, linear receivers are used to retrieve the transmitted signals. The estimated signal vector at the kth node of site i can be written as
where W k,i is an N k,i × d receiver matrix at the kth node of site i. As each node has the knowledge of its own transmitted signal vector, the self-
, the estimated signals after removing the SI becomê
is the total noise at the kth node of the ith site.
The signal vector transmitted from each source node and the relay node must satisfy the transmission power constraints The aim of this work is to optimize the source precoding matrices {B k,i } = {B k,i , k = 1, . . . , K, i = 1, 2}, the relay precoding matrix F, and the receiver matrices {W k,i } = {W k,i , k = 1, . . . , K, i = 1, 2}, to minimize the SMSE of the signal waveform estimation at the receivers under transmission power constraints at the source and relay nodes. From (6), the MSE of the signal waveform estimation at the kth node of site i can be calculated for k = 1, . . . , K, i = 1, 2 as
where L k,i is the equivalent MIMO channel matrix of the kth siteī-site i user pair,
] is the covariance matrix of the equivalent noise, and Ξ k,i is the covariance matrix of interference at the kth node of site i. They are given for
is the equivalent MIMO channel matrix between the kth source node of site i and the relay node. From (7)- (9), the optimal source, relay, and receiver matrices design problem can be written as
s.t. tr(B
III. PROPOSED ALGORITHM The problem (10)- (12) is nonconvex with matrix variables, and a globally optimal solution is intractable to obtain. We propose an iterative transceiver design algorithm. In each iteration, we first optimize {W k,i } based on {B k,i } and F from the previous iteration. Then using {B k,i } from the previous iteration, we optimize F. We derive a closed-form solution of F based on its optimal structure and the modified power constraint at the relay node. Finally, we optimize {B k,i } based on {W k,i } and F obtained from this iteration.
As the power constraints (7) and (8) are independent of W k,i , with given {B k,i } and F, the optimal W k,i which minimizes MSE k,i in (9) is the MMSE receiver [14]
where (·) −1 denotes matrix inversion. Substituting (13) back
Let us denote (16) as the singular value decompositions (SVDs) of the equivalent first-hop channel H and the equivalent second-hop channel G.
and L 2 = min (N d , N r ) . Based on (15) and (16), we have (17) where V hk,i and
T . Here (·)
T denotes matrix transpose.
It can be proven similar to [15] that the optimal structure of the relay precoding matrix is
where A is an L 2 × L 1 matrix that remains to be optimized. Let us introduce
, for any A, we have C = U g Λ g A. Thus, instead of optimizing A, we can optimize C. Substituting (19) back into (18), we have
By substituting (17) and (20) back into (14), we have
Thus, we obtain the SMSE as a function of C k,i as
It can be seen from (21) and (22) that the MSE of the signal waveform estimation at the kth node of site i is a function of C k,i only. In other words, the objective function (21) is decomposed in terms of the optimization variables. From (19) , the transmission power constraint at the relay node in (7) can be rewritten as
g U H g and Ψ = Λ tr(A)tr(B) . The transmission power at the relay node becomes
Then the power constraint in (23) is modified to be
In fact, (25) imposes a stricter transmission power constraint at the relay node, i.e., if (25) holds, the original power constraint (23) is also satisfied. Based on (21) and (25), the modified relay precoding matrix optimization problem can be written as
) is the modified power budget at the relay node. We can see from (26) and (27) that the relay precoding matrix optimization problem can be decomposed into 2K subproblems where the (k, i)-
where P rk,i ≥ 0 and 
where [x] † = max(x, 0), and μ > 0 can be obtained by substituting (39) back into (37) and solving a nonlinear equation using the bisection method [17] . Finally, F can be obtained from (20), (31), (35) and (39).
With given receiver matrices {W k,i } and relay matrix F, the SMSE can be rewritten as a function of {B k,i } as
IV. NUMERICAL EXAMPLES
We simulate an interference two-way MIMO relay system where all transmitters and receivers have the same number of antennas, i.e., N k,i = 2, i = 1, 2, k = 1, . . . , K, and the relay node has N r = 10 antennas. We assume that all source nodes have the same power budget as P k,i = 15 dB, 
In the first example, we compare the performance of the proposed algorithm with the transceiver design algorithms in [8] - [11] for a MIMO relay system with K = 2 two-way link pairs. For a fair comparison with [8] , we set d = 1. Fig. 2 shows the bit-error-rate (BER) performance of the five algorithms tested versus P r . It can be seen that while the proposed algorithm outperforms the eigen-beamforming algorithm in [8] and the ProBaSeMO scheme in [10] , the MMSE precoding algorithm in [9] and the power allocation algorithm in [11] yield a lower BER than the proposed algorithm. However, the algorithms in [9] and [11] have the highest computational complexity among five algorithms, and the computational complexity of the algorithms in [8] and [10] is lower than the other three algorithms. Therefore, the proposed algorithm provides a better performance-complexity tradeoff than those in [8] - [11] , which is very useful for practical interference two-way MIMO relay communication systems.
In the second example, we study the BER performance of the proposed algorithm at various K. It can be seen from Fig. 3 that as expected, the system BER increases with K.
V. CONCLUSION
We have developed a novel algorithm for jointly optimizing the source, relay, and receiver matrices of interference two-way MIMO relay systems. By exploiting the optimal structure of the relay precoding matrix and modifying the power constraint at the relay node, the computational complexity of optimizing the relay precoding matrix is significantly reduced with only a small performance degradation.
